
Algorithms from Signal and Data Processing 
Applied to Hyperspectral Analysis: Discriminating 
Normal and Malignant Microarray Colon Tissue 

Sections Using a Novel Digital Mirror Device 
System 

Mauro Maggioni*§, Gustave L Davist§, Frederick J Warner*, Frank B Geshwindt, Andreas C Coppi+, Richard A 
De Verse+, Ronald R Coifman*§ Department of Mathematics 

Yale University, New Haven, CT, 06510 
Email: mauro.maggioni@yale.edu *Department of Mathematics 
Yale University, New Haven, CT, 06520 USA tyale Pathology 

Yale University, New Haven, CT, 06520, USA +Plain Sight Systems 
Hamden, CT, 06514, USA §Program in Applied Mathematics 

Yale University, New Haven, CT, 06510, USA 

Abstract- Hyperspectral imaging is an important tool in 
various fields, notably geosensing and astronomy, and with the 
development of new devices, it is now also being applied also in 
medicine. Concepts and tools from signal processing and data 
analysis need to be employed to analyze these large and complex 
data sets. 

In this paper, we present several techniques which generally 
apply to hyperspectral data, and we use them to analyze a 
particular data set. 

With light sources of increasingly broader ranges, spectral 
analysis of tissue sections has evolved from 2 wavelength im
age subtraction techniques to Raman near infra-red micro
spectroscopic analysis permitting discrimination of cell types and 
tissue patterns. We have developed and used a unique tuned light 
source based on micro-optoelectromechanical systems (MOEMS) 
and applied algorithms for spectral microscopic analysis of 
normal and malignant colon tissue. We compare the results to our 
previous studies which used a tunable liquid filter light source. 

I. INTRODUCTION 

Hyperspectral imaging is an important tool in various fields, 
notably geosensing and astronomy, and with the development 
of new devices, it is now being applied also in medicine. Tools 
from signal processing and data analysis need to be employed 
to analyze these large and complex data sets. 

A first important challenge is to compress and reduce the di
mensionality of the data available, without discarding relevant 
infom1ation. Depending on the data and any assumption/model 
for it, one can employ different signal processing. techniques 
in order to efficiently compress the data. 

The second challenge is usually a classification or a.regres
sion task. It is important to look for features which enhance 
discrimination among different classes or which serve as good 
inputs for some regression algorithm. 

In this paper we present various techniques from signal 
processing, wavelet analysis, spectroscopy and data analysis 

in general that we consider to be .useful in the study of 
hyperspectral data. We then combine these a selection of 
these tools to obtain an automated classification algorithm 
for a dataset of hyperspectral images of stained normal and 
malignant colon tissues. 

The application of hyperspectral imaging to II)edicine, and 
pathology in particular, while not new, is becoming more 
widespread and powerful. With light sources of increasingly 
broader ranges, spectral analysis of tissue sections has evolved 
from 2 wavelengili image subtraction techniques to hyper
spectral analysis. A variety of proprietary spectral splitting 
devices, including prisms and mirror [I], interferometers [2], 
[3], variable interference filter-based monochromometers [ 4] 
and tuned liquid crystals [5], mqunted on microscopes in 
combination wiili CCD cameras and computers have been 
used to discriminate among cell types, tissue patterns and en
dogenous and exogenous pigments [6]. The increasing power 
of iliese methods holds promise for developing automatic 
diagnostics, though the increased volume of the data collected 
requires more efficient algorithms to analyze the data in a 
short time. Moreover, in addition to amount of data collected, 
the dimensionality of such data has increased dramatically, 
which makes ilie extraction of statistically useful and reliable 
information much harder. 

We use a unique prototype tuned light source (from Plain 
Sight Systems), based on a digital mirror device (DMD), to 
collect hyperspectral images of normal and neoplastic samples 
from tissue microarrays. Analysis of the data is done with 
a combination of algorithms from the fields of spectroscopy, 
chemometry and signal processing. The goal is to evaluate the 
diagnostic efficiency of hyperspectral microscopic analysis of 
normal and neoplastic colon biopsies prepared as microarray 
tissue sections [7]-[ I 0]. 
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